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Subclassifying the Spectrum of Abnormal Endometrial Proliferation with Secretory Change: Supervised Automated Image Analysis as a Tool for Quantitative Assessment of Ki67 Index

**Grzegorz T. Gurda, Alexander S. Baras, Robert J. Kurman, Toby C. Cornish**

Department of Pathology, The Johns Hopkins Hospital, Baltimore, MD. E-mail: <ggurda1@jhmi.edu>

**CONTENT**

Abnormal endometrial proliferation exists in a spectrum from focal crowding to hyperplasia to carcinoma. Diagnostic morphology, however, can be obscured by secretory changes. Here, we assess if Ki67 index correlates with morphologic diagnoses and how well human estimates and automated image analyses subclassify the entities within this spectrum versus the gold standard of time-intensive manual counts.

**TECHNOLOGY**

Cell profiler (Broad Institute); Image Scope (Aperio Technologies).

**DESIGN**

Seventy cases of endometrium with secretory changes were collected: baseline secretory endometrium, focal crowding, hyperplasia (simple/complex) and endometrial carcinoma. Corresponding Ki67 immunostains were photographed with three representative ×100 fields per case. All images were analyzed with automated software and 1 per case counted manually or by averaged 'eyeball' estimate by three independent pathologists. Statistical analyses were carried out with Graph Pad Prism.

**RESULTS**

The Ki67 index closely parallels the step-wise progression of abnormal endometrial proliferation with secretory change; similar rates are obtained by manual counting, estimates, and automated image analyses \[[Table 1](#T1){ref-type="table"}\]. Overall, there was a high concordance between manual counts versus estimate and automated analysis (93%, 100%). At intermediate Ki67 rates (10-75%), automated analysis may be more accurate (100% vs. 86%), likely due to human overestimate. Human eye may be superior at identifying secondary structures (glands, vessels, etc.), whereas automated software is more accurate at numerical counts. Time allotment per case: 10 min (manual), 30/s min (automated) and 15-20 s (estimate).
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**CONCLUSION**

Automated analysis is a fast and useful tool in assessment of Ki67 index, particularly at boundaries of overlapping, but differentially managed diagnostic entities. Combination of human-automated methodology (supervised automated counting), may further improve its utility. Future directions: Assess *inter* versus *intra* specimen variability as a diagnostic marker; crowdsourcing (Amazon.com mTurk platform) as an ancillary tool in supervised automated counting.

Automated Whole Slide Image Screening for Prostatic Adenocarcinoma by Use of Spatially Invariant Vector Quantization

**Jennifer Hipp, Lakshmi P. Kunju, Ulysses J. Balis**

Department of Pathology, University of Michigan, Ann Arbor, MI. E-mail: <jenhipp@gmail.com>

**CONTENT**

Spatially invariant vector quantization (SIVQ) has exhibited broad utility in the detection of subtle architectural and nuclear features, making a compelling case for the exploration of its utility to screen (identify) prostate cancer in core biopsies. Given the time-consuming task of screening, automated detection would be of significant utility to the diagnosing pathologist in transforming workflow from a time-intensive screening task to a directed-review/confirmatory activity.

**TECHNOLOGY**

Digital whole slide images were obtained from six prostate core biopsies with prostatic adenocarcinoma (Gleason score 3 + 3 = 6). Use of a region-of-interest extraction tool, dCore, followed by use of an image aggregation tool, ImageMicroArray Maker, allowed for the generation of a montage of diverse examples of prostatic adenocarcinoma, atrophy, adenosis and benign glands, and finally, high grade prostatic intraepithelial neoplasia (PIN).

**DESIGN**

Since the morphologic criteria for prostate cancer includes both architectural features and the presence of cytologic atypia, image analysis was performed at low and high magnification (×8 and ×40, respectively). Two vectors in tandem were utilized to identify malignant epithelial architectural features. Ring vectors specific for cytologic atypia were chosen to identify nuclear enlargement, hyperchromasia, and prominent nucleoli on the high magnification field views.

**RESULTS**

SIVQ-based ring vectors were able to efficiently identify the cytologic features of cancer (35/37 malignant glands with a sensitivity and specificity of 87% and 94%, respectively), as well as high-grade PIN (owing to both diagnostic entities having the same cytologic features). This same constellation of ring vectors was successful avoiding false-positive detection of areas of adenosis, atrophy, or benign epithelium. Architecturally tuned vectors exhibited a high rate of detection of most small infiltrating glands (122/179 malignant glands) but also with a small false discovery rate for a minority of admixed atrophic glands (7/38 F.P. for benign glands).

**CONCLUSION**

SIVQ-based detection is able to efficiently identify the architectural and cytologic features of prostate cancer with a higher sensitivity for nuclear atypia. We attribute the lower sensitivity of architectural vectors detection to the variation in size and color of cancerous glands, and to the difficulty of distinguishing malignant from atrophic glands at low magnification. This study provides pilot data that use of the SIVQ algorithm as a stand-alone solution holds promise for the development of automated whole slide image (WSI) detection.

Development of a Computer-Aided Decision Support Tool for Diagnosis of Micropapillary Urothelial Carcinoma

**Steven C. Smith^1^, Jason Hipp^1^, Jerome Cheng^1^, James Monaco^2^, Anant Madabhushi^2^, Jesse McKenney^3^, Lakshmi P. Kunju^1^, Ulysses J. Balis^1^**
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**CONTENT**

Micropapillary urothelial carcinoma (MPUC) is a distinctive, aggressive variant of urothelial carcinoma (UC). Recent studies have examined the prognostic value of micropapillary morphology in UC; however, the results have exhibited significant interobserver variability in both diagnosis and threshold for amount of MPUC versus non-MPUC morphology that is associated with poorer prognosis. Thus, we investigated the feasibility of a computer-aided approach to assist pathologists in the diagnosis and quantitation of this entity.

**TECHNOLOGY**

Spatially invariant vector quantization (SIVQ) is an image analysis algorithm that uses circular textural vectors for pattern recognition in digital slides. Image microarrays are tiled digital images of constrained size and resolution containing histopathologic features of interest, prepared from digital whole slide images.

**DESIGN**

We iteratively developed vectors targeting two recently studied diagnostic features of MPUC: (1) retraction artifact, reportedly 100% sensitive, and (2) multiple nests within the same lacuna, reportedly 95% specific. We then applied the algorithm, using these vectors, to image microarrays constructed from quadruplicate representative MPUC and non-MPUC areas of digital whole slide images of 10 MPUC cases culled from a recent consensus report on MPUC morphology.

**RESULTS**

For detection of retraction artifact, the algorithm identified classic MPUC morphology, showing 12.0/5.6 \[95%CI\]-fold greater detection in MPUC as compared to non-MPUC regions. For the multiple nests within the same lacuna feature, the algorithm was more specific for MPUC, showing 18.8/8.9-fold greater detection in areas of MPUC.

**CONCLUSION**

Our findings suggest that this novel strategy may provide a useful decision support tool to pathologists in the diagnostically challenging setting of MPUC. The automated feature identification process is tailored to recapitulate the thought process of the pathologist, based on matching sensitive or specific features of MPUC. We are currently testing the utility of combining vectors for both features to optimize identification and quantitation of MPUC morphology. Future studies will test the utility of this approach for the standardization of interobserver reproducibility for diagnosis and quantitation of MPUC.
